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Wetland Mapping from Digitized 
Aerial Photography 
Digital analysis of aerial imagery is a feasible method for monitoring 1 and mapping large areas of wetlands. 

INTRODUCTION 
NCREASING RECOGNITION of wetland values is 
leading to wetlands protection legislation in 

some  state^.'.^ Such legislation will create the 
need for fast, efficient, and credible assessment of 
wetland vegetation communities, both to de- 
lineate their boundaries and to assess their qual- 
ity. The large expanses and inaccessibility of many 
wetlands, in addition to their uneven and unstable 
terrain, make ground inventory and assessment 
difficult, time consuming, expensive, and often in- 
accurate. consequently, there has been an in- 
creased use of remote sensing techniques, par- 
ticularly the analysis of color and color infrared 
photographs, to inventory and monitor wetlands. 

analysis, there are cases where the use of smaller 
scale imagery and/or quantitative results are de- 
sired.17 In these cases, computer-assisted in- 
terpretation of imagery should be considered. 
During the past decade, great strides have been 
made in the applications of computer technology 
to assist in the interpretation of multispectral data. 
Most of the research involving digital processing 
of multispectral data for identification of land 
cover'has been applied to electro-optical scanning 
systems (Landsat or airborne scanners). Some au- 
thors have investigated the use of computer- 
assisted interpretation of digitized aerial imag- 
ery,lg21 and have documented some of the bene- 
fits and problems associated with this technique. 

ABSTRACT: Computer classification of digitized aerial imagery for wetland 
mapping was investigated. A comparison was made between digital and manual 
interpretation of a high altitude color infrared photograph. The resulting com- 
puter classification was approximately 90 percent accurate. Digital analysis of 
aerial imagery provides high resolution information and could provide an oper- 
ational method for monitoring and mapping wetlands. 

Aerial photography provides rapid collection of 
a large amount of data as well as providing a 
unique overview of an area. The interpretation of 
large scale imagery (1: 10,000 to 1:40,000) has been 
an integral part of many land-related studies; e.g. 
soil mapping,55 land-cover and land-use classifi- 

forest management,s.9 g e o l ~ g y , ~ ~ . ~ '  and 
geography.12 Interpretation of large scale imagery 
usually employs manual photo interpretation 
techniques with or without visual enhancements. 
The basis of manual photo interpretation is com- 
monly qualitative ocular estimation of land 
cover. 1516 

Although most applications of remote sensing 
for land-cover mapping involve this type of 

One of the crucial components in the analysis 
technique is the knowledge of the relationship 
between light striking the film and the resultant 
film density. Many investigators have reported 
techniques to determine this r e l a t i ~ n s h i p . ~ ~ - ~ '  
Largely oriented toward quality control of film 
processing, these techniques are also applicable 
to analysis of remote sensing imagery. Some in- 
vestigators have applied calibration techniques to 
photographic imagery exposed for remote sensing 
 purpose^.^^-^' This paper deals with computer- 
assisted interpretation of wetland vegetation using 
properly calibrated digitized aerial photographic 
imagery. 

Many of the problems associated with com- 
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puter-assisted interpretation of photographic im- 
agery involve improper calibration of the data 
before interpretation. This is particularly impor- 
tant if multi-emulsion (color or color infrared) film 
is used." The data that should be used in the in- 
terpretation process are a spectral characterization 
of the reflected light from each land cover type. 
The steps necessary to generate a proper spectral 
characterization are documented elsewherez5 and 
include a transformation between measured film 
density and exposure as well as a correction for 
radiometric lens f a l l - ~ f f . ~ ~ . ~ ~  After the data derived 
from the photographic imagery have been cali- 
brated, a number of possible computer classifica- 
tion schemes can be used to interpret the data. 
This study has used a supervised classification 
scheme along with a number of generalization 
procedures to map wetland vegetation in the 
Sheboygan Marsh. 

The test site selected for this study is the 
Sheboygan Marsh, located in the Kettle Moraine 
country in the northwest corner of Sheboygan 
County, Wisconsin. The location of Sheboygan 
Marsh is shown on the wet land map of Wisconsin 
(Figure 1). Figure 2 is a black-and-white copy of a 
portion of the aerial image used in the study and 
shows Sheboygan Marsh. 

Sheboygan Marsh occupies a depression in a 
glaciated area. The general direction of ice move- 
ment in the glacial till area which surrounds the 
marsh was northeast to southwest and many 
drumlins are found to the southwest of the marsh. 
Sheboygan Marsh covers an area of approximately 

FIG. 1. Wet land map of Wisconsin, approximate scale 
1:7,000,000. 

4856 hectares (12,000 acres). The marsh bottom 
consists of three metres of peat underlain by marl 
and clay. About 405 hectares (1000 acres) is semi- 
open water with an average depth of 1 metre 
which supports large algae and macrophyte 
populations. The remainder of the marsh contains 
a variety of wetland vegetation including sedges, 
grasses, shrubs, and trees. 

The photography for this project was acquired 
on 31 July 1974 by NASA (Mission 279) using an 
RB-57 aircraft flying approximately 18,288 m 
(60,000 ft) above the terrain. The photography was 
acquired with a Wild RC-8 mapping camera 
equipped with a 152.4 mm (6 in.) lens yielding an 
original photo scale of 1:120,000. Kodak Aero- 
chrome Infrared Film Type 2443 (color infrared) 
was used. The imagery interpreted was the origi- 
nal film, not a copy. 

A portion of one stereopair at a scale of 
1:120,000 was interpreted using a zoom stereo- 
scope and light table by an experienced photo in- 
terpreter with extensive training and experience 
in botany and wetlands ecology. The major vege- 
tation associations usually interpreted on aerial 
imagery are natural groupings of species indica- 
tive of a given environmental condition and occur- - 
ring in areas of sufficient size to give a unique tone 
and texture on the film. In the photo interpretation 
of Sheboygan Marsh, delineations of vegetation 
classes according to the textural and tonal charac- 
teristics described below were readily achieved. 
The principal difficulty in the interpretation is 
converting the visual categories into accurate - u 

species categories, which initially can only be 
done by specific correlation between imagery and 
field verification. The lines in the center of Figure 
2 indicate the area mapped by the photo interpre- 
ter. Figure 3 is the resulting vegetation map of this 
area using the classification system described 

FIG. 2. Black-and-white copy of a portion of the aerial 
imagery used in the study. The scale of the original was 
1:120,000. The lines indicate the area mapped by both 
conventional and computer-assisted interpretation. 
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FIG. 3. The vegetation classes as mapped by conven- 
tional photo interpretation of the area indicated in Fig- 
ure 1. See Table 1 for key. 

below. The study site in Figure 3 is approximately 
1506 metres north-south by 1680 metres east-west 
(4941 feet by 5512 feet). 

VEGETATION CLASSES A T  SHEBOYGAN MARSH 

Twelve vegetation-water classes were iden- 
tified on the aerial imagery and by fieldwork in the 
area. The descriptions below include a summary 
of the appearance of each vegetation class on the 
original color infrared transparency used for in- 
terpretation. 

Water. Areas of open water produce a medium 
to dark tone on the image. The dark color and 
uniform smooth texture of the water are in distinct 
contrast to the lighter tones of the surrounding 
vegetation. 

Deep Water Emergents. Exist in water depths of 
20 to 70 cm or more and consist predominantly of 
cattail (Typha latifolia and T.  angustifolia), bur- 
reed (Sparganium eurycarpum) and sometimes 
giant reed grass (Phragmites communis). These 
species exist in bodies of open water and appear to 
have a fuzzy texture and dark pink tone. 

Shallow Water Emergents. Exist in 12-30 cm of 
water and form a more dense cover than deep 
water emergents. Common species are arrowhead 
(Sagittaria latifolia),  water plantain (Alisma 
plantago-aquatica), bur-reed (Sparganium eury- 
carpum), sweetflag (Acorus calamus), and scat- 
tered sedges (Carex rostrata and C .  lacustris). 

They have a dark pink to pink tone depending on 
the Shallow Water Emergentiwater ratio. 

Cattails. Large clones of cattail (Typha latifolia 
and T .  angustifolia) can live in a great range of 
water depths (5-75 cm) provided they can become 
established on mud flats. These clones have a 
fuzzy texture and a very high reflectance, making 
them appear whitish on the film. 

Reeds. Distinctive whitish color, fuzzy textured 
clones of bur-reed (Sparganium eurycarpum). 

Sedges and Grasses. The main species of a 
sedge meadow, sedges (Carex lacustris, C .  stricta, 
C .  Aquatilis), and grasses (Calamagrostis cana- 
densis, Leerzia oryzoides) are interspersed with 
forbs such as marsh milkweed (Asclepia incar- 
nata), marsh fern, (Dryopteris thelypteris), asters 
(Aster spp.) ,  mint (Mentha aruensis), and marsh 
cinquefoil (Potentilla palustris). Together these 
species create a fine textured, whitish-pink tone. 

Sedges, Grasses, and Forbs. Consists of a sedge 
and grass community with a strong component of 
forbs. This community grows in somewhat drier 
conditions than does the sedge and grass commu- 
nity. Common species in addition to the above 
listed sedges and grasses are Joe-pye weed 
(Eupatorium maculatum), boneset (Eupatorium 
perfoliatum), marsh milkweed (Asclepias incar- 
nata) ,  marsh aster (Aster s p p . ) ,  and marsh 
bedstraw (Gallium tinctorium). These species 
tend to form a continuous cover with little or no 
visible interspersion with exposed substrate and 
have a fine texture. They appear whitish-pink, 
with pink areas within, on the film. 

ShrubslForbs. A transition community between 
the shrub community and the sedgelgrass and 
forbs community. Common species derived from 
both communities are willow (Salix spp.), dog- 
wood (Cornus stolonifera and C .  obliqua), and 
alder (Alnus rugosa), asters (Aster spp.) ,  gold- 
enrod (Solidago spp.) ,  and sunflowers (Helian- 
thus grosseserratus). These species have a 
whitish-pink and red tone of medium texture. 

Shrubs. Common species are alder (Alnus 
rugosa), red osier dogwood (Cornus stolonifera), 
silky dogwood (Cornus obliqua), willows (Salix 
spp.) ,  and buttonbush (Cephalanthus occiden- 
talis). Shrubs have a medium texture and a red 
tone. 

Conifers. Primarily white cedar (Thuja occi- 
dentalis) and tamarack (Larix laricina). This vege- 
tation class displays a coarse texture and a dis- 
tinctive purplish tone. 

Hardwoods. Areas of very coarse texture. Com- 
mon species are northern red oak (Quercus 
borealis), white oak (Quercus alba), and shag bark 
hickory (Carya ovata). They appear bright red on 
the film. 

Agricultural. Areas that display patterns result- 
ing from cultivation. Both row crops and cover 
crops are evident in this area. 
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The boxed area inhicated in Figure 2 and repro- 
duced in Plate l a  in color, was scanned by an 
Optronics P-1700 scanning microdensitometer. 
The imagery was scanned through three different 
narrow band interference filters centered at 0.45, 
0.55, and 0.65 micrometres. The output data were 
then transformed into log exposures25 and cor- 
rected for lens f a l l - ~ f f . ~ ~  The spacing between 
sample points on the imagery was 50 micrometres. 
The scanned area was approximately 253 hectares 
(625 acres), with each picture element (pixel) rep- 

resenting an area of 6.0 metres square (19.7 feet 
square) on the ground. 

Training sets were extracted from the digital file 
of the imagery using the map generated from the 
photo interpretation (Figure 3) and computer gen- 
erated character displays from the digital file as 
first approximations. From these training sets, 
statistics were generated to be used with an ellip- 
tical classifier. The classifier generated a digital 
file from which color-coded thematic repre- 
sentations of the classification could be produced. 
These classifications were visually checked for 
unclassified or misclassified areas. Training sets 

PLATE 1. (a) Enlargement of the portion of the color infrared transparency that was used for manual and computer- 
assisted interpretation. (b) Thematic representation of the classified image. See Table 1 for the color key. (c) The- 
matic representation of the nearest neighbor generalization of the classified scene. See Table 1 for color key. (d) 
Thematic representation of the region generalization of the classified scene. See Table 1 for color key. 
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were added or subtracted as necessary until, after 
several iterations, the classification visually re- 
sembled the tonal pattern on the original aerial 
image. Generalized versions of the classification 
were also produced. Plates Ib through Id are the- 
matic representations of the classification and 
generalizations produced. 

1 CLASSIFICATION 

The classification procedure used for this proj- 
ect was a two-stage table-look-up elliptical algo- 
rithm.31 This type of classification program uses 
the statistics derived from the training sets to con- 
struct a table which is a mathematical representa- 
tion of the ellipses in spectral space. The program 
allows the interpreter to vary the size of the el- 
lipses by entering the number of standard devia- 
tions along each of the principal axes for each 
class. The program determines which ellipse (if 
any) a pixel falls within. There are provisions in 
the classification program to test a subset of classes 
first, then, if the pixel remains unclassified, test 
the remaining classes. This is particularly useful 
for transition classes or pixels which are a mixture 
of a number of land covers. 

In some cases, a pixel will fall into two or more 
ellipses. For these pixels, a maximum likelihood 
test is performed involving only the overlapping 
ellipses. This classification program can produce 
results similiar to a maximum likelihood classifier 
but with a significant cost reduction because com- 
puter time is minimized. 

1 GENERALIZATION 

Two different types of generalization or 
smoothing routines were investigated. The first 
algorithm involves checking the classes of the four 
or eight pixels surrounding a central pixel and 

changing the central pixel's classification to the 
class of the majority of the surrounding pixels.30 
Plate l c  is the product of such a generalization 
applied to the data illustrated in Plate lb.  The sec- 
ond algorithm involves similar procedures, but 
changes the central pixels classification only if a 
threshold number of pixels of a class is contained 
in the surrounding pixels. A further addition al- 
lows the user to establish a set of merging 
priorities for each class in terms of the other 
classes in the classification. Plate Id  is a thematic 
representation of this transformation applied to 
the data illustrated in Plate lc. Table 1 summa- 
rizes the color key and areas classified for each 
vegetation type illustrated in Plates l b  through Id. 

The intent of this project was to investigate the 
use of digital interpretation of aerial photographic 
imagery to map the boundaries of vegetation 
within the wetland as well as to delineate the 
wetland boundary. There was little difficulty 
either with the manual photo interpretation or 
with the computer-assisted interpretation in ac- 
complishing this latter task. This was mainly due 
to the very distinct differences between wetland 
communities and the cultivated fields that sur- 
round the marsh. Assessing the accuracy of the 
digital interpretation with regard to the bound- 
aries of the individual wetland communities is 
more difficult. 

A visual comparison of Figure 3 and Plates l b  
through Id indicates that the classification is quite 
good. In order to quantify the accuracy of the clas- 
sification, a photo interpretation sampling scheme 
was devised.a2 For this investigation 250 pixels 
were randomly chosen within the study area. Each 
of these 250 pixels was "marked" with a symbol 

TABLE 1. COLORS A N D  COMPARISONS BETWEEN THE ORIGINAL A N D  TWO GENERALIZED 
COMPUTER CLASSIFICATIONS (see Plates l b  through Id) 

Number of pixels for: 
Class 

Number Class Color Original Smoothed Generalized 

0 Unclassified Black 9504 898 578 
1 Water Blue 3670 3834 3687 
2 Deep Water Emergents Dark Green 4919 5211 5146 
3 Shallow Water Emergents Green 11381 13018 13948 
4 Cattails Dark Magenta 3861 3138 2072 
5 Reeds. Dark Blue 119 112 110 
6 Sedges and Grasses Dark Red 6333 6917 6898 
7 SedgesIGrasses and Forbs Magenta 6323 6911 7125 
8 ShrubslForbs Dark Yellow 5076 6203 6014 
9 Shrubs Cyan 7274 10485 11883 

10 Conifers Red 8377 10347 10436 
11 Hardwoods Yellow 3369 3114 2289 
12 Agricultural Dark Cyan - 74 - 92 - 94 

70280 70280 70280 
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and number in each channel of the digitized imag- 
ery. The symbol currently being used is a square 
with tick marks on each side. The three channels 
of the digitized imagery were then made into a 
simulated color infrared image by producing 
black-and-white color separations on the Op- 
tronics densitometer and projecting these on a 
color additive viewer. The marked pixels were 
then interpreted and compared with the results of 
the computer classification and generalized files. 
The procedure was repeated a second time with 
another set of randomly chosen points. Figure 4 is 
one of the color separations showing the marked 
pixels. 

Tables 2 through 4 are comparisons between the 
photo interpretation of the marked imagery and 
the computer classifications/generalizations. 
Along the top of each table are the class numbers 
for the marked image interpretation. Along the left 
side of each table are the class numbers for the 
computer classification of the same pixels. Class 0 
represents an unclassified pixel. The values in 
Tables 2,3, and 4 represent how each of the inter- 
preted marked pixels was classified by the com- 
puter program. For example, from Table 2, one can 
deduce that 20 marked pixels were interpreted as 
class 6 by both the manual and computer tech- 
niques. Also, five marked pixels that were inter- 
preted as class 9 by the manual interpretation 
were classified as class 8 by the computer in- 
terpretation. Along the bottom of each table are 
the number of pixels interpreted for each class by 
the manual method. Along the right side of each 
table are the number of pixels interpreted for each 
class by the computer technique. The diagonal of 
the matrix represents exactly how many pixels 
were classified the same by both the computer and 

FIG. 4. A portion of one of the color separations used to 
generate the marked imagery in the accuracy assessment 
part of the study. 

photo interpreter. Ideally, we would want a 
diagonal matrix. There are some differences be- 
tween the computer classification and the manual 
photo interpretation (Figure 3). Much of this dif- 
ference is due to the "resolution" differences be- 
tween the techniques. The digital analysis tech- 
niques are able to map the vegetation com- 
munities in much greater detail than what was 
possible for the photo interpreter. One limitation 
in the manual interpretation was the width of lines 
drawn by the pen. The width of the line for a "00" 
pen at a scale of 1:120,000 corresponds to 24 
metres (79 feet) on the ground, four pixels in the 
digital file. The objective of this paper is to test the 

TABLE 2. CONFUSION MATRIX COMPAR~NG THE MANUAL ~NTERPRETAT~ON OF THE MARKED IMAGE VS. THE 

ORIGINAL COMPUTER CLASSIFICATION OF THE IDENTICAL PIXELS. THE SAMPLE SIZE WAS 250. 
SEE TABLE 1 FOR CORRESPONDING RESOURCE NAMES. 

MANUAL INTERPRETATION NUMBEWCLASS 

C 0: 24 
L 1: 13 
A 2: 10 

c S 3: 44 
0 s 4: 13 
M I 5: 1 
p F 6: 24 
IJ I 7: 24 
T C 8: 16 5 21 
E A 9: 1 2 27 30 
R T 10: 1 1  3 32 1 38 

I 11: 1 6 7 
0 12: 1 1 
NTOTALS 0 12 13 55 12 1 24 22 20 45 37 8 1 2.50 

THE TOTAL PERCENT CORRECT INCLUDING THE UNCLASSIFIED CATEGORY IS: 77.86 
THE TOTAL PERCENT CORRECT WITHOUT THE UNCLASSIFIED CATEGORY IS: 84.35 
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TABLE 3. CONFUSION MATRIX COMPARING THE MANUAL INTERPRETATION OF THE MARKED IMAGE VS. THE 

SMOOTHED COMPUTER CLASSIEICATION OF THE IDENTICAL PIXELS. THE SAMPLE SIZE WAS 250. 
SEE TABLE 1 FOR CORRESPONDING RESOURCE NAMES. 

MANUAL INTERPRETATION NUMBEWCLASS 

0 1  2 3 4 5 6  7 8 9 1 0 1 1 1 2  

C 0: 0 1 1 
L 1: 12 1 2 15 
A 2: 8 1 9 

C S  3: 4 47 51 
0 S 4: 3 10 13 
M I 5: 1 
p F  6: 2 1 25 
U I 7: 22 24 
T C 8: 18 5 23 
E A  9: 2 38 40 
R T 10: 1 37 1 39 

I 11: I 7 8 
0 12: 1 1 
NTOTALS 0 12 13 55 12 1 24 22 20 45 37 8 1 250 

THE TOTAL PERCENT CORRECT INCLUDING THE UNCLASSIFIED CATEGORY IS: 82.56 
THE TOTAL PERCENT CORRECT WITHOUT THE UNCLASSIFIED CATEGORY IS: 89.44 

feasibility of high resolution wetland mapping 
from small scale imagery by both digital and man- 
ual interpretation methods. Consequently, even 
though the manual photo interpretation could 
have been performed on an enlarged image of the 
marsh (with the associated degradation due to the 
photographic copy process), we felt that the scales 
of the interpreted imagery should remain identical 
for purposes of comparison. 

Several walking and boating tours were taken in 
Sheboygan Marsh to familiarize the interpreters 
with the vegetation types and later to verify the 
vegetation assignments made by the digital in- 

terpretation. Much of the verification was ac- 
complished in the winter months, which greatly 
aided the ground survey due to the frozen ground 
and water. The dominant species were easily rec- 
ognizable and no gross misclassifications were 
noted. 

Examining Tables 2 through 4, it is evident that 
the digital classification is a reasonable approxi- 
mation of a wetland community map. Since field 
verification of the results on a pixel-by-pixel basis 
was not practical, we are using the manual photo 
interpretation of the reconstituted marked imagery 
viewed on the additive viewer as the basis for an 

TABLE 4. CONFUSION MATRIX COMPARING THE MANUAL INTERPRETATION OF THE MARKED IMAGE VS. THE 
GENERALIZED COMPUTER CLASSIFICATION OF THE IDENTICAL PIXELS. THE SAMPLE WAS 250. 

SEE TABLE 1 FOR CORRESPONDING RESOURCE NAMES. 

MANUAL INTERPRETATION NUMBEWCLASS 

u I 7: 
T C 8: 
E A 9: 
R T 10: 

I 11: 
0 12: 
N TOTALS 

THE TOTAL PERCENT CORRECT INCLUDING THE UNCLASSIFIED CATEGORY IS: 79.44 
THE TOTAL PERCENT CORRECT WITHOUT THE UNCLASSIFIED CATEGORY IS: 86.06 
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assessment of the accuracy of the classification. 
The classification itself (Plate lb)  is approximately 
83 percent, correct. That is, 83 percent of the 
pixels classified were classified as the same class 
by the computer interpretation and by the manual 
photo interpretation of the marked pixels, assum- 
ing the manual photo interpretation of the marked 
pixels to be correct. The first generalized version 
(Plate lc) approaches 90 percent correct while the 
second generalized result (Plate Id) is about 87 
percent correct. 

A closer examination of these tables indicates 
that the percentages quoted above are a lower 
bound on an accuracy assessment. Almost all of 
the misclassifications are associated with adjacent 
classes in the interpretation (i.e., between 
ShrubsIForbs and Shrubs). During photo in- 
terpretation of the marked images the areas adja- 
cent to the marked pixels were also considered 
before class assignment. It is most likely that the 
computer classification is correct on a pixel-by- 
pixel basis. Therefore, we would estimate that the 
first generalized transformation (Plate lc) is actu- 
ally 95 to 98 percent correct. 

In order to estimate the accuracy of the hand- 
drawn map produced by manual photo interpreta- 
tion (Figure 3), an overlay with randomly chosen 
points was constructed. These points corre- 
sponded to the same pixel locations in the digital 
file used to construct Tables 2 to 4. The land-cover 
type at each point was compared with the pixel- 
by-pixel photo interpretation done on the color 
additive viewer of the corresponding point, and a 
confusion matrix was then constructed (Table 5). 
As can be seen, the generalization produced by 
the manual interpretation (Figure 3) shows less 
agreement with the pixel-by-pixel interpretation 

than with the computer assisted interpretation. 
The point interpretation of the manual photo in- 
terpretation was only 56 percent and 60 percent 
accurate. There is little doubt that, if every pixel 
were photo interpreted individually, a very good 
interpretation would result. However, the time in- 
volved in such an interpretation would be prohib- 
itive. It is interesting to note that the generalized 
interpretation depicted in Plate Id appears to be a 
close approximation to the manual interpretation, 
but it is much more accurate. 

The poor agreement between the manual photo 
interpretation and the interpretation of the marked 
imagery (our standard) might be expected since 
the manual interpretation was attempted on imag- 
ery with a scale of 1:120,000. Even with 30 times 
magnification (which was available to the in- 
terpreter on the zoom stereoscope), interpretation 
of every 50 to 100 micrometres on the film is a very 
difficult task. The human interpreter tended to 
gloss over the small details on the imagery. The 
computer assisted interpretation was consistent in 
the treatment of detail throughout the imagery. 
There is little doubt that manual interpretation of 
imagery at a scale of 1:12,000 would have resulted 
in closer approximation of the wetland community 
boundaries; however, each image would only 
cover 11100 of the area of a 1:120,000 image. 

The costs for digital classification are always an 
important consideration. Usually the costs for 
computer-assisted interpretation are higher than 
the corresponding manual interpretation. One of 
the reasons that this is generally the case is that 
cost comparisons are made for interpretations of 
imagery at the same scale. It has been our experi- 
ence that, for imagery of the same scale, manual 
interpretation is less expensive than computer- 

TABLE 5. CONFUSION MATRIX COMPARING THE MANUAL INTERPRETATION OF THE MARKED IMAGE VS. THE 

CONVENTIONAL MANUAL PHOTO ~NTERPRETATION (FIGURE 2). THE SAMPLE SIZE WAS 250. 
SEE TABLE 1 FOR CORRESPONDING RESOURCE NAMES. 

PIXEL BY PIXEL INTERPRETATION NUMBEWCLASS 

0 12: 1 0 1 
N TOTALS 13 57 0 6 0 39 35 2 42 56 0 0 250 

THE TOTAL PERCENT CORRECT WITHOUT THE UNCLASSIFIED CATEGORY IS: 56.00 
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assisted interpretation. Computer assisted in- 
terpretation becomes a cost effective tool when 
applied to small scale imagery. T h e  computer 
costs for producing t h e  classifications a n d  
generalizations presented in this paper were less 
than $200. The expenditure of time was about 15 
hours. These costs are for the use of the University 
of Wisconsin Univac 1100182 by University proj- 
ects, approximately one half the commercial rates. 
The total wetland area of 4856 hectares (12,000 
acres) could be  classified at  a comparable rate by 
using signature extension. These costs seem rea- 
sonable, especially if one keeps in mind that the 
interpretation would have a ground resolution of 
6.0 metres (19.7 ft.). The  imagery for this study was 
provided by NASA at no cost to the authors. The  
uscs's HAP (High Altitude Photography) program is 
currently acquiring high altitude photographic 
imagery across the U.S. and, like NASA, will make it 
available to the public for a nominal cost. 

We believe that computer-assisted interpreta- 
tion of small scale aerial imagery is a cost effective 
and accurate method of mapping complex vegeta- 
tion patterns if high resolution information is de- 
sired. This type of technique is well suited for 
problems such as monitoring changes in species 
composition due to environmental factors. This 
t y p e  of t echn ique  is a feas ib le  method for 
monitoring and mapping large areas of wetlands. 
This type of interpretation also has the added ad- 
vantage of being in a computer-compatible form, 
which can be transformed into any georeference 
system of interest. 

REFERENCES 
1. Wisconsin State Statute S23.32 
2. Kusler, J., and B. Bedford, 1975. Overview of State 

Sponsored Wetland Programs, Proceedings of the 
National Wetland Classification and Inventory 
Workshop, Fish and Wildlife Service, USDI, pp. 
142-147. 

3. Bushnell, T. M., 1932. A New Technique in Soil 
Mapping, American Soil Survey Association Bulle- 
tin, 13: pp. 74-81. 

4. Baldwin, M., H. M. Smith, and H. W. Whitlock, 
1947. The Use of Aerial Photographs in Soil Map- 
ping, Photogrammetric Engineering 13: pp. 532- 
536. 

5. Kuhl, A. D., 1970. Color and IR Photos for Soils, 
Photogrammetric Engineering, 36(5): pp. 475-482. 

6. Colwell, R. N., 1968. Remote Sensing of Natural Re- 
sources, Scientific American, 218: pp. 54-69. 

7. Nunnally, N. R., and R. E. Witmer, 1970. Remote 
Sensing for Land-Use Studies, Photogrammetric 
Engineering 36(5): pp. 449-453. 

8. Spurr, S. H., 1960. Aerial Photographs in Forestry, 
Ronald Press, New York, 333 p. 

9. Avery, T. E., 1966. Foresters Guide to Aerial Photo 

Interpretation, USDA Forest Service Handbook 
308, Washington, D.C., 40 p. 

10. Lyon, R. J., 1969. Geological Remote Sensing: A 
Critical Evaluation and Prognosis, Principe de la 
distance et application a l'etude des resources ter- 
restres., Centre Nation D'Esudes Spatiales, Paris, 
France, pp. 349-402. 

11. Cole, M. M., and E. S. Owen-Jones, 1974. Remote 
Sensing in Mineral Exploration, Environmental 
Remote Sensing, Edward Arnold, London, England, 
pp. 49-66. 

12. Simonett, D. S., 1969. Remote Sensing Studies in 
Geography: A Review, Principe de la distance et 
application a l'etude des resources terrestres., 
Centre Nation D'Esudes Spatiales, Paris, France, 
pp. 467-497. 

13. Scher, S. J., and P. T. Tueller, 1973. Color Aerial 
Photos for Marshlands, Photogrammetric Engi- 
neering, 39(5): pp. 489-499. 

14. Brown, W. W., 1978. Wetland Mapping in New Jer- 
sey and New York, Photogrammetric Engineering 
and Remote Sensing, 44(3): pp. 303-314. 

15. Gammon, P. T., and V. Carter, 1979. Vegetation 
Mapping with Seasonal Color Infrared Photographs, 
Photogrammetric Engineering and Remote Sensing, 
45(1): pp. 87-97. 

16. Carter., V., D. L. Malone, and J. H. Burbank, 1979. 
Wetland Classification and Mapping in Western 
Tennessee, Photogrammetric Engineering and Re- 
mote Sensing, 45(3): pp. 273-284. 

17. Scarpace, F. L., and B. K. Quirk, 1980. Land-Cover 
Classification Using Digital Processing of Aerial 
Imagery, Photogrammetric Engineering and Re- 
mote Sensing, 46(8), pp. 1059-1065. 

18. Smedes, H. W., et al., 1971. Digital Computer Map- 
ping of Terrain by Clustering Techniques Using 
Color Film as a Three-Band Sensor, Proceedings of 
the Seventh International Symposium on Remote 
Sensing of Environment, Vol. 111: pp. 2057-2072. 

19. LeSchack, L., 1971. ADP of Forest Imagery, Photo- 
grammetric Engineering, 37(8): pp. 885893. 

20. Hoffer, R., P. Anuta, and T. Phillips, 1971. ADP, 
Multiband and Multiemulsion Digitized Photos, 
Photogrammetric Engineering, 38(10): pp. 989- 
1000. 

21. Jensen, J. R., et al., 1978. High-Altitude versus 
Landsat Imagery for Digital Crop Identification, 
Photogrammetric Engineering and Remote Sensing, 
44(6): pp. 723-733. 

22. Evans, R. M., W. T. Hanson, and W. L. Brewer, 
1953. Principles of Color Photography, John Wiley 
and Sons, Inc., New York, 709 p. 

23. Brewer, W. L., and F. C. Williams, 1954. An Objec- 
tive Method of Determination of Equivalent Neutral 
Densities of Color Film Images, Journal Optical So- 
ciety of America 44(7): pp. 460-464. 

24. Sant, A., 1961. Procedures for Equivalent Neutral 
Density (END) Calibration of Color Densitometers 
Using a Digital Computer, Photographic Science 
and Engineering, 14(5): pp. 356-362. 

25. Scarpace, F. L., 1978. Densitometry on Multi- 
Emulsion Imagery, Photogrammetric Engineering 
and Remote Sensing, 44(10): pp. 1279-1292. 



PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1981 

26. McDowell, D., and M. Specht, 1974. Spectral Re- 
flectance Using Aerial photographs, Photogrammet- 
ric Engineering, 40(5): pp. 559-568. 

27. Scarpace, F. L., 1975. Radiometric Calibration for 
Earth Resources Analysis, Proceedings of the 41st 
Annual Meeting of the American Society of Photo- 
grammetry, pp. 697-702. 

28. Manual of Remote Sensing, 1975. American Society 
of Photogrammetry, Falls Church, Virginai, 2144 p. 

29. Kalman, L., and F. L. Scarpace, 1979. Determining 
Lens Fall-off using Digital Analysis of 70 mm Aerial 
Imagery, Proceedings of the 45th Annual Meeting of 
the American Society of Photogrammetry, pp. 116- 
135. 

30. Generalization routines were developed by F. 

Townsend as part of his Ph.U. research. F. 
Townsend is presently a graduate student in the 
Environmental Monitoring Program at the Univer- 
sity of Wisconsin-Madison. 

31. Eppler, W. G., 1974. An Improved Version of the 
Table Look-up Algorithm for Pattern Recognition, 
Proceedings of the Ninth lntemational Symposium 
on Remote Sensing of Environment, pp. 793-812. 

32. Quirk, B. K., and F. L. Scarpace, 1980. A Method of 
Assessing the Accuracy of a Computer Assisted 
Scene Interpretation, Photogrammetric Engineer- 
ing and Remote Sensing 46(11), pp. 1427-1431. 

(Received 19 June 1980; accepted 28 October 1980; re- 
vised 23 December 1980) 

CALL FOR PAPERS 

Eastern Spruce Budworm Research Conference 

University of Maine, Orono, Maine 
Week of 4 January 1982 

The Eastern Spruce Budworm Research Work Conference invites papers for the following sessions: 
(1) Implications of spruce budworm epidemics on local, state, and regional economics; (2) The evolu- 
tion of public policy and forest insect protection programs in North America; (3) Forest management 
practices and the spruce budworm: A discussion of inplace and experimental management strategies 
used to minimize the present and future impact of the spruce budworm on the forest; (4) Survey and 
detection of forest insect defoliators with emphasis on spruce budworm monitoring; (5) The spruce 
budworm complex and secondary insects: The biology and ecology of Choristoneura fumijierana, its 
parasites, predators, and competitors, including the effects of secondary insects on decadent fir and 
spruce; (6) Ecological implications of spruce budworm control within the forest ecosystem: The effects 
of chemical, biological, and silvicultural controls on non-target organisms; and (7) Biological and chemi- 
cal insecticides: Application technology-efficacy. 

Poster presentations are also invited. 
For papers to be  considered for presentation, a preliminary abstract must be  received no later than 

1 September 1981. 
Abstracts will b e  published as part of the conference program. 
Please submit abstracts to 

Mr. Philip J. Malerba 
Special Projects Forester 
St. Regis Paper Company 
Northern Timberlands Division 
Bucksport, ME 04416 
Telephone-(207) 469-3131 Ext 431 


